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”Não busques a vaidade de ser melhor que os outros. Contenta-
te com a tarefa gloriosa de tentares ser melhor que és. Que tu não 
sejas o teu limite de crescimento, mas o teu grande 
questionamento, o teu grande interrogador”.                                                                                              
(Henrique de Souza Filho - Henfil) 
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RESUMO 
 
O modafinil, um psicoestimulante utilizado no tratamento da narcolepsia, da 
sonolência excessiva durante o dia e da sonolência induzida pela síndrome da 
apnéia obstrutiva do sono, parece ser capaz de promover um efeito facilitador de 
funções cognitivas. Tal efeito facilitador tem sido buscado pelas sociedades atuais 
frente à crescente velocidade do fluxo de informações e à pressão social de 
produtividade. Nesse cenário, verificamos os efeitos da administração aguda de 
modafinil (32, 64 ou 128 mg/Kg, i.p.) sobre o aprendizado, a consolidação e a 
evocação de uma memória discriminativa aversiva, bem como os efeitos da 
administração (32, 64 ou 128 mg/Kg por 10 dias, i.p.) sobre a consolidação e a 
evocação dessa memória em camundongos. A possível participação do fenômeno 
de dependência de estado também foi investigada. Para tanto, utilizamos o 
modelo da esquiva discriminativa em labirinto em cruz elevado, que avalia 
concomitantemente o aprendizado, a memória, os níveis de ansiedade e a 
locomoção de roedores. A administração aguda de modafinil nas doses mais 
elevadas (64 ou 128 mg/Kg) prejudicou a consolidação da memória discriminativa 
e a habituação ao aparelho, uma memória não-associativa. Por outro lado, tais 
déficits parecem ser revertidos com a administração repetida dessa droga. Ainda, 
a administração aguda pré-treino ou pré-teste de 32 mg/Kg de modafinil 
promoveu déficits de retenção e evocação da tarefa discriminativa, 
respectivamente. De importância, tais déficits não foram dependentes de estado. 
Ainda, a dose de 64 mg/Kg também promoveu déficits de retenção quando 
administrada previamente ao treino. Tais achados não foram relacionados a 
alterações nos níveis de emocionalidade dos animais. Tomados em conjunto, os 
presentes achados fornecem evidências pré-clínicas do potencial amnéstico do 
modafinil. 
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ABSTRACT 
 
 Modafinil, a psychostimulant used in the treatment of narcolepsy, excessive 
daytime sleepiness and obstructive-sleep-apnea-induced sleepiness, seems to 
induce facilitatory effects on cognition. In this scenario, we investigated the effects 
of acute administration of modafinil (32, 64 or 128 mg/Kg, i.p.) on learning, 
consolidation and retrieval of a discriminative memory in mice as well as the 
effects of chronic administration (32, 64 or 128 mg/Kg for 10 days, i.p.) of this drug 
on the consolidation and retrieval of this memory. The possible role of state-
dependency phenomenon was also evaluated. The plus-maze discriminative 
avoidance task, an animal model that evaluates concomitantly (but independently) 
learning, memory, anxiety-like behavior and motor activity was employed in the 
study. In this way, acute administration of the higher doses of modafinil (64 or 128 
mg/Kg) induced impairment in the consolidation of the discriminative task and 
habituation deficits, a non-associative memory. Conversely, these amnestic effects 
were reversed when the drug was administered repeatedly. Moreover, the pre-
training and pre-test acute administration of the 32 mg/kg dose of modafinil 
induced retention and retrieval impairments of the discriminative task. Importantly, 
these deficits were not state-dependent. Finally, 64 mg/Kg modafinil promoted 
retention deficits when administered previous to training. These cognitive effects 
were not associated with anxiety alterations. Collectively, our results support pre-
clinical evidence of the potential amnestic effects of modafinil. 
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1. INTRODUÇÃO 
 
1.1 Memória e Ansiedade 
 
Memória se refere ao processo mediante ao qual adquirimos, formamos, 
conservamos e evocamos uma informação (Cammarota et al., 2008). A formação da 
memória pode ser didaticamente dividida em três fases: o aprendizado, a 
consolidação e a evocação. O aprendizado (registro ou aquisição) é o processo pelo 
qual a experiência prática ou a observação permitem desenvolver modificações na 
conduta que favorecem a adaptação ao meio ambiente. A consolidação (retenção ou 
armazenamento) é o processo pelo qual a memória se torna crescentemente 
resistente às interferências na ausência de treino, ao longo da simples passagem do 
tempo (McGaugh, 2000). A evocação (recordação ou recuperação) refere-se ao 
acesso da informação armazenada, podendo ser espontânea ou se dar pela busca 
voluntária. 
A memória também pode ser definida como a capacidade de reter e manipular 
informações adquiridas anteriormente por meio da plasticidade neuronal (Thompson 
et al., 2002). Ela pode ser classificada como implícita (ou não-declarativa) ou 
explícita (ou declarativa), dependendo de como a informação é armazenada e 
evocada; ou memória de curto- ou longo-prazos, dependendo de sua duração 
(Thompson et al., 2002). 
A memória implícita ou não-declarativa inclui o condicionamento clássico, 
habilidades e hábitos, e é em grande parte ou, com freqüência, completamente 
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inconsciente. A memória explícita ou declarativa, por outro lado, envolve a 
recuperação consciente de eventos ou fatos que tenham ocorrido. Esses tipos de 
memória são processados de formas diferentes e em diferentes regiões do cérebro, 
embora estejam relacionados por meio de inúmeras conexões neurais (Thompson et 
al., 2002). 
Assim, o hipocampo é considerado o responsável pela conversão de memória 
de curto-prazo em memória de longo-prazo e pela informação espacial, enquanto o 
neocórtex, pelo armazenamento da memória de longo-prazo declarativa 
(Jerusalinsky et al., 1997). Já o estriado está envolvido com a memória de 
procedimento (Mishkin et al., 1984) e a amígdala parece ser especializada no 
processo de alerta e informação aversiva e participaria da memória para eventos 
com significado emocional (Sarter & Markowitsch, 1985; Davis, 1992; Cahill & 
McGaugh, 1990). O septo medial também participa do processo de informação 
aversiva, por um mecanismo distinto daquele da amígdala (Izquierdo & Medina, 
1991) e o córtex entorrinal, que apresenta conexões mono e polissinápticas com a 
amígdala, hipocampo e septo medial (Zola-Morgan et al., 1989; Witter et al., 1989; 
Ferreira et al., 1992), processa informação espacial, aversiva, além de outras, 
estando particularmente envolvido com a memória declarativa (Zola-morgan et al., 
1989; Witter et al., 1989; Ferreira et al., 1992). 
Investigações farmacológicas fornecem base para um importante papel 
exercido pela acetilcolina no processo de formação da memória, uma vez que um 
efeito amnéstico geralmente é verificado após a administração de antagonistas 
colinérgicos como a escopolamina (Weissman, 1967; Glick & Zimmerberg, 1971; 
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Wiener & Messer, 1973; Givens & Olton, 1990; Silva et al, 1997). Além disso, o 
tratamento com inibidores de colinesterase como a fisostigmina (Straton & 
Petrinovich, 1963; Deutsch et al., 1979) é sabiamente estimulador da memória, assim 
como o tratamento com agonistas colinérgicos diretos como a nicotina (Garg, 1969; 
Battig, 1970; Evangelista et al., 1970; Erickson, 1971;) ou a oxotremonina (Baratti et 
al., 1979). Além da relação entre a acetilcolina e a função cognitiva, outros 
neurotransmissores como a serotonina (Steckler & Sahgal, 1995) e as catecolaminas 
(Dismukes & Rake, 1972; Randt et al., 1971) parecem também participar de forma 
relevante do processo de formação da memória. 
Dentre os mecanismos celulares e moleculares propostos como base 
mecanicística para os processos de aprendizado e memória, destacam-se a 
sensibilização e a potenciação de longa duração (LTP – Long Term Potentiation). 
A sensibilização consiste em um processo de facilitação pré-sináptica da 
transmissão neuronal envolvida nas memórias de curto- e longo-prazos. É um 
processo heterossináptico, no qual o aumento da força sináptica é induzido por 
interneurônios moduladores ativados pela estimulação. Estes liberam serotonina e 
outros neurotransmissores, que se acoplam a receptores transmembrânicos 
específicos ligados à proteína Gs, ativando a adenilato ciclase, que catalisa a 
conversão de ATP em AMPc, o qual ativa a proteína cinase A (PKA), causando, 
aliada à proteína cinase C (PKC), o aumento da liberação de neurotransmissores nos 
terminais sinápticos (Kandel, 2003). 
A LTP é uma facilitação que consiste em um aumento da amplitude dos 
potenciais pós-sinápticos excitatórios devido a uma série de estímulos em alta 
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freqüência. Ela possui uma fase precoce transitória (duração de aproximadamente 1 
a 3 horas e não requer síntese de novas proteínas e é induzida por apenas uma 
série de estimulações) e uma fase tardia de consolidação (ocorre devido a 4 ou mais 
séries de estimulações; com duração de, no mínimo 24 horas e síntese de novas 
proteínas por meio da via de sinalização AMPc – PKA – MAPK – CREB) (Kandel, 
2003). 
Assim como a memória é muitas vezes essencial em comportamentos cruciais 
para a sobrevivência de uma espécie – tais como busca de alimento, reprodução e 
fuga – também o é a ansiedade, que possui suas raízes evolutivas nas reações de 
medo dos animais e aparece ligada ao reflexo de fuga, sendo considerada como 
uma manifestação do instinto de conservação (Graeff, 1984; 1993; Graeff et al., 
1993). 
A ansiedade tem sido descrita como um estado emocional de grande valor 
adaptativo, que é experienciado de maneira subjetiva como não prazeroso e 
desconfortável e cuja expressão plena envolve alterações comportamentais, 
psicofisiológicas e cognitivas (Graeff, 1984; Pratt, 1992).  
As bases neurais que envolvem o fenômeno de ansiedade têm sido 
amplamente investigadas. A amígdala via mediação serotonérgica, tem sido 
apontada como uma das principais estruturas relacionadas ao medo e à ansiedade. 
Da amígdala, partem vias que se projetam para o hipotálamo e a matéria cinzenta 
periaquedutal. Além disso, o septo medial, o hipocampo e as projeções 
noradrenérgicas e serotonérgicas ascendentes, provenientes respectivamente do 
locus coeruleus e dos núcleos da rafe, também têm sido implicados nesse processo 
 
INTRODUÇÃO  
5 
 
(Gray, 1982; Graeff, 1993). Neuroquimicamente, algumas teorias têm sido propostas 
procurando relacionar possíveis disfunções do sistema GABAérgico, tais como níveis 
dos ligantes endógenos diminuídos, ou anormalidades no funcionamento do 
complexo receptor, com o desenvolvimento do quadro de ansiedade generalizada 
(Teicher, 1988; Gorenstein et al., 1994). 
A ansiedade pode existir tanto na forma patológica como ser normalmente 
experienciada, mas o limite entre o que se denomina ansiedade normal e ansiedade 
patológica é difícil de ser determinado (Nutt, 1990; Graeff, 1993). Até um 
determinado nível, a ansiedade favorece o desempenho de tarefas motoras e 
cognitivas, sendo assim considerada fisiológica, mas passa a ser patológica quando 
passa a interferir no comportamento normal do indivíduo (Ashton, 1987; Graeff, 1993; 
Silva & Frussa-Filho, 2000). 
Muito do conhecimento existente sobre a ansiedade e o medo humano foi 
obtido por meio de modelos animais, nos quais se procura reproduzir determinados 
aspectos da sintomatologia, da etiologia ou do tratamento da ansiedade. Muitos 
modelos de ansiedade estão sendo usados atualmente, sendo a grande maioria 
baseada em respostas comportamentais de medo, aprendidas ou espontâneas, que 
reproduziriam a ansiedade humana (Rodgers et al., 1997). Dentre os modelos que 
envolvem comportamento espontâneo, que são baseados em medos inatos do 
animal, podemos ressaltar o labirinto em cruz elevado, um dos modelos animais de 
ansiedade mais utilizados (Rodgers et al., 1997). Esse modelo é derivado da 
observação de que, quando colocados em labirintos constituídos de braços abertos e 
fechados, ratos demonstram claramente preferência pelos braços fechados 
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(Montgomery, 1955). A exposição de ratos a situações naturalmente ameaçadoras a 
sua espécie, como espaços abertos, explicaria o medo pela exploração dos braços 
abertos. O labirinto em cruz elevado foi validado fisiológica, farmacológica e 
comportamentalmente como modelo animal de ansiedade. Respostas 
comportamentais e fisiológicas indicativas de medo, como imobilidade, defecação e 
aumento das concentrações plasmáticas de corticosterona foram observadas após o 
confinamento de ratos nos braços abertos do labirinto (Pellow et al., 1985). Os 
benzodiazepínicos aumentam seletivamente o número de entradas e o tempo de 
permanência dos animais nos braços abertos do aparelho, em relação aos braços 
fechados (Handley & Mithany, 1984; Pellow et al., 1985; Pellow & File, 1986). 
Paralelamente, drogas ansiogênicas, como por exemplo a cafeína, promovem uma 
diminuição desses parâmetros (Lister, 1987). 
A memória e a ansiedade estão relacionadas pelo compartilhamento de 
estruturas cerebrais (como, por exemplo, a amígdala e o sistema septo-hipocampal), 
sendo ambos modulados, pelo menos em parte, pelos receptores GABAA (Izquierdo 
& Medina, 1991). Nesse sentido, tem sido sugerido que a ansiedade e a memória 
não seriam apenas fenômenos relacionados (Izquierdo & Medina, 1991; Davis et al., 
1997; Silva & Frussa-Filho, 2000), mas que a ansiedade seria, na verdade, um passo 
necessário para que ocorresse a formação da memória (Mathews, 1990). 
Considerando à estreita relação entre processos mnemônicos e a ansiedade, 
bem como a possível interferência de alterações na função motora na quantificação 
desses processos, foi desenvolvido, em nosso laboratório, um modelo de estudo 
simultâneo de aprendizado/memória, ansiedade e atividade locomotora. Trata-se da 
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esquiva discriminativa em labirinto em cruz elevado (Silva et al., 1997; Silva & 
Frussa-Filho, 2000). Nesse modelo, realizado em um labirinto em cruz elevado 
modificado, no qual o animal deve escolher entre dois braços fechados (um dos 
quais aversivo – luz de 100 watts e um jato de ar frio proveniente de um secador de 
cabelos) ao mesmo tempo que evita dois braços abertos. Além do estudo da 
interação entre memória (quantificada pela preferência pelo braço fechado não-
aversivo em relação ao braço fechado aversivo na sessão de teste) e ansiedade 
(avaliada pela evitação aos braços abertos), esse modelo ainda tem a vantagem de 
avaliar alterações na locomoção (por meio da quantificação do número de entradas 
em todos os braços do aparelho). Tal característica se faz importante tanto para o 
estudo de efeitos de drogas (Silva et al., 2002a; Carvalho et al., 2006; Kameda et al., 
2007; Niigaki et al., 2010; Sanday et al., dados submetidos), quanto de 
procedimentos experimentais (Castro et al., 2005; Alvarenga et al., 2008) que 
conhecidamente alteram a função motora sobre os processos de aprendizado e 
memória. Além disso, possibilita a avaliação de drogas com potencial analgésico, 
como a morfina sobre os processos cognitivos, como a morfina (Patti et al., 2006), 
pois os estímulos aversivos aplicados não parecem promover modificações nos 
sistemas de percepção da dor. 
 
1.2 Modafinil 
 
Modafinil [2- (Difenilmetil-sulfinil) acetamida] é um agente que promove um 
aumento do estado de alerta. Foi desenvolvido na França por volta de 1990, 
especificamente para o tratamento da sonolência diurna excessiva relacionada à 
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narcolepsia, para o tratamento do transtorno do sono relacionado à mudança de 
turno no trabalho e para a síndrome da apneia/hipopneia obstrutiva do sono (Ferraro 
et al, 2001; Silvestri et al., 2002; Ward et al., 2004; Ballon & Feifel, 2006; Minzenberg 
& Carter, 2008). Além disso, atualmente o modafinil tem sido utilizado como 
tratamento de uma série de outras patologias importantes, como o transtorno de 
hiperatividade e déficit de atenção, na sonolência e fadiga relacionadas à doença de 
Parkinson e à esclerose múltipla, sedação pós-anestésica, depressão, sintomas 
negativos da esquizofrenia e nos déficits cognitivos causados pela doença de 
Alzheimer (Ward et al., 2004; Dopheide et al., 2007; Korotkova et al., 2007; Morgan 
et al., 2007). 
Apesar de suas diversas aplicações, mesmo sendo da mesma classe dos 
psicoestimulantes, seus efeitos e suas vias de ação diferem de outras drogas da 
mesma classe, como a anfetamina e a cocaína, por exemplo. Dessa forma, o 
modafinil parece não promover efeitos colaterais semelhantes a esses 
psicoestimulantes, como tolerância e dependência, hipersonolência rebote e efeitos 
adversos cardiovasculares (Morgan et al., 2007; Minzenberg & Carter, 2008). 
Diversas são as hipóteses que tentam explicar os mecanismos de ação do 
modafinil. Estudos têm sugerido que ele pode aumentar a liberação de 
catecolaminas (dopamina e noradrenalina), serotonina e glutamato, diminuir a 
liberação de GABA em diversas regiões cerebrais, além de ativar neurônios 
hipotalâmicos contendo hipocretina/orexina e neurônios do núcleo tuberomamilar 
contendo histamina (Minzenberg & Carter, 2008). 
A ação do modafinil no sistema dopaminérgico é um tanto controversa. De 
fato, diversos estudos demonstram que o modafinil aumenta a atividade motora em 
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camundongos, a atividade noturna em macacos e o despertar em gatos, e que esses 
efeitos são diminuídos pelo antagonista α1 adrenérgico prazosina, mas não são 
afetados pelos antagonistas do receptor D2 sulpiride e haloperidol e nem pelo 
antagonista do receptor D1 SCH 23390 (Duteil et al., 1990; Hermant et al., 1991; Lin 
et al.; 1992; Tanganelli et al., 1992). Em um estudo realizado por De Séréville e 
colaboradores (1994), a análise eletroquímica demonstrou que o modafinil não 
interage com o sistema dopaminérgico nigroestriatal em camundongos. Ainda, 
parece não alterar o pool citosólico dopaminérgico no estriado de camundongos 
(Simon et al.; 1995), além de ter pouca afinidade pelo transportador de dopamina e 
pouco afetar a liberação de dopamina no núcleo accumbens (Rush et al., 2002) e no 
sistema dopaminérgico nigroestriatal (Ishizuka et al., 2008). Em um estudo realizado 
por Lin e colaboradores (1996) foi demonstrado por meio de uma análise imuno-
histoquímica utilizando a proteína c-fos, que o modafinil age principalmente em 
neurônios do hipotálamo anterior, mas não em neurônios estriatais ou corticais, nos 
quais se encontram os neurônios dopaminérgicos. 
Por outro lado, outros estudos têm demonstrado uma maior participação do 
sistema dopaminérgico nos efeitos do modafinil. Ferraro e colaboradores (1996) 
demonstraram que o modafinil aumenta, de forma dependente de dose, a liberação 
de dopamina no núcleo accumbens e que tal aumento é diminuído pelo antagonista 
do receptor GABAB baclofen, pelo agonista GABAA muscimol e pelo inibidor da 
recaptação do neurotransmissor GABA SKF 89976A, demonstrando haver uma 
interação entre o sistema dopaminérgico e GABAérgico nos efeitos do modafinil. De 
fato, tais ações do modafinil no sistema dopaminérgico podem ser secundárias à sua 
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ação primária na diminuição da liberação do neurotransmissor GABA (Ferraro et al., 
1997). 
Além disso, muitas das diversas características da hiperatividade 
dopaminérgica, como por exemplo, o aumento da locomoção, são observadas após 
o uso do modafinil. Dopheide e colaboradores (2007) demonstraram que o modafinil 
aumenta a liberação de dopamina em regiões estriatais e Zolkowska e colaboradores 
(2009) demonstraram haver uma correlação entre o aumento de dopamina no 
accumbens e um aumento da ambulação e de estereotipia em ratos sob efeito do 
modafinil. Também foi demonstrado que o modafinil em altas doses é capaz de inibir 
a recaptação de dopamina através da inibição do transportador de dopamina (Mignot 
et al., 1994; Ferraro et al., 1996; Madras et al., 2006). De fato, o modafinil tem sido 
descrito até mesmo como um agonista de receptores D2 (Korotkova et al., 2007). 
Nesse sentido, dados da literatura sugerem que o aumento da liberação de 
dopamina parece ser de extrema importância para os efeitos de aumento do estado 
de alerta causado pelo modafinil (Qu et al., 2008). Nesse sentido, estudo realizado 
por Volkow e colaboradores (2009) demonstrou por meio da análise tomográfica do 
cérebro de humanos que o modafinil, assim como o fazem outras drogas de abuso, 
também aumenta a liberação de dopamina em áreas cerebrais como o núcleo 
accumbens, o que poderia ser um indício de possíveis efeitos abusivos do modafinil. 
Ainda, o aumento dos níveis de dopamina no núcleo accumbens e no córtex pré-
frontal parece ser importante para o aumento do estado de alerta em estudos 
realizados em ratos (de Saint Hilaire et al., 2001; Murilo-Rodrígues et al., 2007). 
De acordo com Wisor & Eriksson (2005) e posteriormente, Morgan e 
colaboradores (2007), a interação entre o sistema noradrenérgico e o sistema 
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dopaminérgico é necessária para que os efeitos promotores de alerta do modafinil 
ocorram. Nesse cenário, Mitchell e colaboradores (2008) propõem que além da 
interação noradrenérgica-dopaminérgica ser necessária para o aumento do alerta, 
esta também seria necessária para o aumento da atividade locomotora observada 
em animais.  
A ação do modafinil inibindo a liberação de GABA no núcleo accumbens 
aumenta fracamente a liberação de dopamina nessa região, o que também poderia 
representar  um mecanismo pelo qual ocorreria um aumento na atividade motora em 
camundongos e ratos. Além disso, tal mecanismo de ação indireto no sistema 
dopaminérgico poderia explicar o baixo potencial de abuso  do modafinil, já que 
drogas de abuso, como a anfetamina, agem diretamente aumentando a liberação de 
dopamina.  
 
1.3 Modafinil, Memória e Ansiedade 
 
A aquisição de memórias de curto-prazo envolve neurônios do córtex pré-
frontal e do córtex parietal, principalmente neurônios dos sistemas dopaminérgicos e 
noradrenérgicos (Müller et al., 2004), além de recrutar áreas hipocampais 
(Béracochéa et al., 2002). Dessa forma, drogas que agem nessas vias, como os 
psicoestimulantes, são efetivos em aumentar a atenção e a aquisição de memória. 
Nesse cenário, o modafinil tem se mostrado de grande interesse em estudos de 
memória, principalmente por não ter alguns dos efeitos adversos dos 
psicoestimulantes clássicos (Turner et al., 2002). 
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Estudos que avaliam os efeitos das administrações crônica ou aguda de 
modafinil revelam uma melhora no aprendizado, tanto em animais quanto em 
humanos (Béracochéa et al., 2007). Além disso, o modafinil parece melhorar a 
atenção, o aprendizado e as funções cognitivas de indivíduos privados de sono, 
(Pièrard et al., 2007). Esses mesmos autores demonstraram que o modafinil é 
também capaz de reverter alterações na arquitetura do ciclo sono-vigília, na memória 
e nas emoções, promovidas por 10 horas de privação de sono. 
No que se refere aos efeitos do modafinil sobre os processos cognitivos de 
roedores, a administração aguda dessa droga aumentou o aprendizado em 
camundongos expostos ao labirinto em T quando houve longos intervalos entre as 
sessões de aquisição. Além disso, evidências experimentais sugerem que os efeitos 
do modafinil sobre a memória são dependentes de tempo e de dose (Morgan et al., 
2007). De fato, alguns estudos sugerem que o modafinil pode aumentar o estado de 
atenção em animais, aumentando respostas incipientes e diminuindo a omissão de 
erros (Morgan et al., 2007), apesar de outros estudos demonstrarem que o modafinil 
não causa tanto efeito nos processos de atenção em humanos (Piérard et al., 2005; 
Béracochéa et al., 2007). 
Recentemente, tem sido demonstrada uma importante relação entre altos 
níveis de corticosterona e os efeitos do modafinil sobre a memória (Piérard et al., 
2005; Béracochéa et al., 2007). Nesse sentido, estudos têm demonstrado que a 
aquisição de uma tarefa em roedores estressados e que receberam modafinil é maior 
do que em animais nas mesmas condições, porém que receberam solução veículo. 
De fato, tem sido demonstrado que o modafinil é mais efetivo em animais que 
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apresentam níveis aumentados de estresse. Entretanto, a relação entre modafinil, 
liberação de corticosterona e memória permanece desconhecida. 
De importância para este trabalho, controvérsias sobre os reais efeitos 
benéficos do modafinil na melhora da cognição em humanos ainda são relatadas. 
Contudo, parece que o efeito promnéstico induzido por esse fármaco em indivíduos 
privados de sono está bem caracterizado (Randall et al., 2004). Nesse sentido, um 
estudo realizado por Wesenstein e colaboradores (2002) com uma amostra de 50 
pessoas, mostrou que o modafinil aumenta a capacidade cognitiva em doses três 
vezes menores quando comparado à cafeína. 
Em relação à ansiedade, pouco se sabe sobre os efeitos do modafinil na 
emocionalidade. Um estudo realizado por Simon e colaboradores (1994) parece ser 
o único que tenta elucidar tal relação. Nesse estudo, esses pesquisadores 
compararam os efeitos do modafinil com a dexanfetamina em testes de ansiedade, e 
demonstraram que o modafinil, apesar de aumentar a atividade locomotora, não 
apresentou efeito ansiogênico quando comparado a dexanfetamina. 
Apesar das evidências experimentais apontarem um possível efeito positivo do 
modafinil sobre a memória, os efeitos facilitadores dessa droga sobre os processos 
cognitivos ainda carecem de experimentação sistemática envolvendo diferentes 
modelos de aprendizado e memória. Nesse contexto, a investigação dos efeitos do 
modafinil sobre a memória na esquiva discriminativa em labirinto em cruz elevado 
desponta como uma interessante hipótese de trabalho. De fato, tal investigação 
permitiria verificar a possível participação de alterações na ansiedade e na função 
motora sobre os possíveis efeitos promnésticos do modafinil. 
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2. OBJETIVOS 
 
2.1 Objetivo Geral 
 
Investigar os efeitos do modafinil sobre as diferentes fases da memória 
(aprendizado, consolidação e evocação) e sobre a ansiedade e a atividade 
locomotora de camundongos em um modelo experimental que avalia 
simultaneamente memória, atividade locomotora e ansiedade – a esquiva 
discriminativa em labirinto em cruz elevado. 
 
2.2 Objetivos Específicos 
 
Avaliar, em camundongos submetidos ao modelo da esquiva discriminativa em 
labirinto em cruz elevado, os efeitos da: 
 administração aguda de diferentes doses de modafinil sobre a consolidação 
da memória; 
 administração aguda de diferentes doses de modafinil sobre o aprendizado e a 
evocação da memória; 
 possível participação do fenômeno de dependência de estado nos possíveis 
déficits de memória induzidos pelo modafinil; 
 administração crônica de diferentes doses de modafinil sobre a consolidação e 
evocação da memória. 
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3. INHIBITORY EFFECTS OF MODAFINIL ON MEMORY IN MICE 
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ABSTRACT 
 
 Modafinil, a psychostimulant used to treat narcolepsy, excessive daytime 
sleepiness, and sleepiness due to obstructive sleep apnea, appears to promote a 
possible facilitatory effect on cognitive function. In this study, we investigated the 
effects of the acute administration of 32, 64 or 128 mg/kg of modafinil (MOD) on the 
different steps of memory formation and usage (acquisition, consolidation and 
retrieval) and the effects of its chronic administration on memory consolidation and 
the possible participation of the state-dependency phenomenon in mice using the 
plus-maze discriminative avoidance task (PM-DAT), a model that concomitantly 
evaluates learning, memory, anxiety levels and locomotion. We observed that the 
post-training acute administration of high doses of MOD (64 and 128 mg/kg) impaired 
memory consolidation and that these doses also promoted non-associative memory 
deficits. After the pre-training treatment, no differences were found when learning was 
evaluated, but doses of 32 and 64 mg/kg induced retention deficits in the test session. 
In the pre-test administration, only the 32 mg/kg dose promoted retrieval deficits. This 
amnestic effect produced by 32 mg/kg of modafinil administered during the pre-test 
was not subject to tolerance when this dose was repeated in a previous 
administration. Finally, the cognitive deficits produced by modafinil were not due to 
the phenomenon of state-dependency. In all, our findings provide pre-clinical 
evidence of potential amnesia induced by modafinil.  
 
Key words: modafinil, learning and memory, anxiety, locomotion, mice 
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INTRODUCTION 
 
 Modafinil (MOD) is a non-amphetamine type stimulant that acts as a wake-
promoting drug and has been approved for the treatment of excessive daytime 
sleepiness in narcolepsy, obstructive sleep apnea, and shift work syndrome. In 
addition, MOD shows initial promise for a variety of off-label indications in psychiatry, 
including treatment-resistant depression, attention-deficit/hyperactivity disorder and 
schizophrenia (Swanson et al., 2006; Minzemberg and Carter, 2008). 
There are several hypotheses that attempt to explain the mechanisms of action 
of MOD. Studies have suggested that it may increase the release of catecholamines 
(dopamine and norepinephrine), serotonin and glutamate, thereby reducing the 
release of GABA in various brain regions, and activating hypothalamic neurons 
containing hypocretin/orexin neurons of the tuberomammillary nucleus (Minzenberg & 
Carter, 2008). 
It has been demonstrated that MOD modifies the activity of brain areas 
involved with memory, such as the hippocampus and prefrontal cortex (Beracochea, 
2003). Within this context, studies indicate that MOD has cognitive-enhancing abilities 
in rodents performing a variety of learning/memory exercises in the T-Maze based on 
spontaneous alternation behavior (Beracochea et al., 2001), and also based on 
enhanced learning (Beracochea, 2003) and memory retrieval (Beracochea et al., 
2007). Still, it was reported that this drug was able to restore the memory impairments 
observed after a 10 h sleep deprivation period (Piérard et al., 2007). Concerning its 
chronic administration, MOD was reported to improve learning (Beracochea et al., 
2002). Notwithstanding, the facilitative effects of MOD on memory have not always 
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been verified when memory consolidation was specifically investigated. In fact, a 
study conducted by Shuman and colleagues (2009) reported that the administration 
of MOD immediately after training had no effects on either the Morris water maze task 
or the contextual fear memory task. 
Although experimental evidence suggests a possible positive effect of MOD on 
memory, the facilitatory effects of this drug on cognitive processes still require 
systematic experimentation with different models of learning and memory. 
Thus, the initial objective of the present study was to investigate the effects of 
MOD on the different steps of memory formation in an animal model that 
concomitantly evaluates learning, memory, locomotor activity and anxiety, namely the 
plus-maze discriminative avoidance task (PM-DAT). This paradigm allows the 
concomitant and independent evaluation of the behavioral parameters cited above 
(Silva et al., 1997, 1999, 2002a,b, 2004; Silva and Frussa-Filho, 2000; Castro et al., 
2005). In fact, the effects of memory-enhancing (Silva et al., 1997, 1999, 2000; Claro 
et al., 1999) or amnesiac procedures (Claro et al., 1999; Silva and Frussa-Filho, 
2000, 2002; Silva et al., 1999, 2004; Patti et al., 2006), as well as motor stimulant 
(Silva et al., 2002b; Castro et al., 2005) and depressing interventions (Silva et al., 
2002a, 2004; Carvalho et al., 2006), were detected in mice submitted to this 
behavioral procedure. 
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MATERIAL AND METHODS 
 
Subjects 
Three-month-old Swiss male mice (inbred, raised, and maintained in the 
Centre for Development of Experimental Models in Medicine and Biology of 
Universidade Federal de São Paulo) were used in the experiments. Animals weighing 
30–35 g were housed under controlled temperature (22–23°C) and lighting (12 h light, 
12 h dark; lights on at 6:45 a.m.) conditions. Food and water were available ad libitum 
throughout the experiments. 
The animals used in this study were maintained in accordance with the 
National Institute of Health Guide for the Care and Use of Laboratory Animals (NIH 
Publications Nº 80-23, revised 1996) and in accordance with the Brazilian Law for 
Procedures for Animal Scientific Use (#11794/2008). All experimental procedures 
were approved by the Ethics Committee under protocol #1162/08. 
 
Drugs 
Modafinil (CEPHALON®) was suspended in a 0.9% NaCl (saline) solution and 
administered intraperitoneally at a volume of 10 mL/kg body weight at doses of 32 
(MOD32), 64 (MOD64), or 128mg/kg (MOD128). Saline solution (SAL) was used as 
the control solution. Behavioral testing started 30 min after the MOD or SAL solutions 
injections. 
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Plus-maze Discriminative avoidance task (PM-DAT) 
The apparatus employed was a modified elevated plus-maze, made of wood, 
containing two enclosed arms with sidewalls and no top (28.5×7×14 cm, 03 lx at the 
floor level), opposite two open arms (28.5×7cm, 09 lx at the floor level). 
A 100 W lamp was placed exactly over the middle of one of the enclosed arms 
(aversive enclosed arm, 660 lx at the floor level). In the training session, each mouse 
was placed in the center of the apparatus and, over a period of 10 min, each time the 
animal entered the enclosed arm containing the lamp, an aversive situation was 
produced until the animal left the arm. The aversive stimuli were the 100 W light and 
a cold air blow produced by a hair dryer placed over the aversive enclosed arm. In the 
test session (performed in the same room with the observer in the same position), the 
mice were again placed in the center of the apparatus and observed for 3 min without 
receiving the aversive stimulation. In all experiments, the animals were observed in a 
random order, and in a blind manner, and the apparatus was cleaned with a 5% 
alcohol solution after each behavioral session. 
The total number of entries into any of the arms (an entry was defined as the 
entry of all four paws into one arm), the percent time spent in the aversive enclosed 
arm (time spent in the aversive enclosed arm divided by the time spent in both 
enclosed arms) and the percent time spent in the open arms (time spent in open arms 
divided by the time spent in both open and enclosed arms) were calculated. Learning 
was evaluated by the percent time spent in the aversive enclosed arm during the 
training session. Memory was evaluated by the time spent in the aversive vs. non-
aversive enclosed arms in the test session. The percent time spent in the aversive 
enclosed arm among the groups that showed retention of the task in the test session 
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was compared to reveal quantitative differences. Anxiety-like behavior was evaluated 
by the percent time spent in the open arms of the apparatus. The total number of 
entries into any of the arms was used to evaluate motor activity. 
 
Statistical analysis 
The total number of entries into any of the arms, the percent time spent in the 
aversive enclosed arm (time spent in aversive enclosed arm divided by the time spent 
in both enclosed arms), and percent time spent in open arms (time spent in open 
arms divided by the time spent in both open and enclosed arms) were calculated and 
compared by the one- or two-way analysis of variance (ANOVA) followed by 
Duncan’s test. Memory was evaluated by time spent in the aversive vs. non-aversive 
enclosed arms (compared by two-way ANOVA followed by Duncan’s test) and by the 
percent time in aversive enclosed arm in the test session. Significance was accepted 
at p-values less than 0.05. 
 
Experimental design 
Experiment 1: Effects of the acute administration of MOD on memory consolidation of 
a discriminative avoidance task in mice 
Forty-eight animals were randomly assigned to one of the following groups: 
saline (SAL, n=12), modafinil 32 mg/kg (MOD32, n=12), modafinil 64 mg/kg (MOD64, 
n=12) or modafinil 128 mg/kg (MOD128, n=12). Mice were trained in the PM-DAT 
and, immediately afterwards, received an acute intraperitoneal (i.p.) administration of 
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SAL or MOD at one of the different doses. Ten days later, the animals were submitted 
to the test session. 
 
Experiment 2: Effect of the acute administration of MOD on the learning of a 
discriminative avoidance task in mice 
Forty-eight animals were randomly assigned to one of the following groups: 
saline (SAL, n=12), modafinil 32 mg/kg (MOD32, n=12), modafinil 64 mg/kg (MOD64, 
n=12) or modafinil 128 mg/kg (MOD128, n=12). Mice received an acute i.p. 
administration of SAL or MOD at one of the different doses. Thirty minutes after the 
injection, the animals were trained in the PM-DAT. Ten days later, they were 
submitted to the test session. 
 
Experiment 3: Effect of the acute administration of MOD on the retrieval of a 
discriminative avoidance task in mice 
Forty-eight animals were randomly assigned to one of the following groups: 
saline (SAL, n=12), modafinil 32 mg/kg (MOD32, n=12), modafinil 64 mg/kg (MOD64, 
n=12) or modafinil 128 mg/kg (MOD128, n=12). Mice were trained in the PM-DAT. 
Ten days later, the animals received an acute i.p. administration of SAL or MOD at 
one of the different doses. Thirty minutes after the injection, the animals were tested. 
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Experiment 4: Role of the state-dependency phenomenon on the cognitive effects of 
MOD in mice using the PM-DAT 
Forty-eight mice were randomly assigned to one of the following groups: pre-
training/pre-test administration of SAL (SAL-SAL, n=12), pre-test administration of 
32mg/kg (SAL-MOD, n=12), pre-training administration of 32 mg/kg of modafinil 
(MOD-SAL, n=12) or pre-training/pre-test administration of MOD (MOD-MOD, n=12). 
Groups of 24 mice received SAL or 32 mg/kg MOD. Thirty minutes after the injection, 
all animals were submitted to a training session in the PM-DAT. Ten days after the 
training session, 12 animals from the pre-training SAL group received another SAL 
injection, whereas the other 12 mice from the same group received a 32 mg/kg 
injection of MOD. Similarly, 12 animals from the pre-training MOD group received a 
SAL injection, whereas the other 12 mice received another 32 mg/kg MOD injection. 
The test session was performed 30 minutes after the second injection. 
 
Experiment 5: Effects of repeated administration of MOD on memory retention of a 
discriminative avoidance task in mice 
Forty-eight animals were randomly assigned to one of the following groups: 
saline (SAL, n=12), 32mg/kg modafinil (MOD32 n=12), 64mg/kg modafinil (MOD64 
n=12) or 128mg/kg modafinil (MOD128 n=12). Mice were trained in the PM-DAT and, 
immediately afterwards received an i.p. administration of SAL or MOD at one of the 
different doses. On the days following the initial injection, the animals received 9 daily 
injections of SAL or MOD. Thirty minutes after the last injection, the animals were 
submitted to the test session. 
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RESULTS 
 
Experiment 1: Effects of the acute administration of MOD on memory consolidation of 
a discriminative avoidance task in mice 
In the training session, a two-way ANOVA revealed significant effects for arm 
type [F(1.96)=1152.61; p<0.001]. The post hoc analysis by Duncan’s test revealed 
that all of the groups spent significantly less time in the aversive arm than in the non-
aversive enclosed arm (Fig. 1A). During this session, an one-way ANOVA revealed 
that there were no significant differences between the groups for the percent time 
spent in the aversive enclosed arm F(3.44)=1.88; p>0.05] (Fig. 1B), demonstrating 
that all groups showed similar learning levels. 
No differences were found in the percent time spent in the open arms in the 
training session [F(3.44)=0.49; p>0.05] or in the total number of entries [F(3.44)=0.54; 
p>0.05] (ANOVA; Fig. 1C and 1D, respectively). Therefore, all animals presented with 
a similar baseline performance. 
In the test session, performed 10 days after training, a two-way ANOVA 
revealed significant arm type [F(1.96)=197.45; p<0.001] and treatment x arm type 
interaction effects [F(3.96)=2.87; p<0.05]. The post hoc analysis by Duncan’s test 
revealed that all groups spent significantly less time in the aversive enclosed arm 
compared to the non-aversive arm (Fig. 2A). The analysis of the percent time spent in 
the aversive enclosed arm revealed that the MOD64 and MOD128 groups presented 
an improvement in this parameter when compared to the other two groups [(SAL and 
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MOD32) [F(3.44)=5.36; p<0.05] (ANOVA followed by Duncan’s test, Fig. 2B), 
showing a retention impairment. 
The ANOVA did not reveal significant differences in the percent time spent in 
the open arms [F(3.44)=0.66; p>0.05] (Fig. 2C). However, with respect to locomotor 
activity, the ANOVA followed by Duncan’s test showed an increased total number of 
entries [F(3.44)=3.57; p<0.05] (Fig. 2D) by the animals treated with 64 and 128 mg/kg 
of MOD, suggesting habituation deficits. 
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Figure 1 – Training performance of mice submitted to the plus-maze discriminative 
avoidance task (PM-DAT). Mice were trained in the PM-DAT and, immediately after 
training received saline (SAL) or 32, 64 or 128 mg/kg of modafinil (MOD). Results are 
presented as the mean ± S.E. of time spent in the aversive and non-aversive 
enclosed arms (A), percent time spent in the aversive enclosed arm (B), percent time 
spent in the open arms (C) and total number of entries in all arms of the apparatus 
(D). Two-way or one-way ANOVA followed by Duncan’s test. *p<0.05 compared to 
time spent in the non-aversive enclosed arm. 
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Figure 2 – Effects of the acute administration of modafinil on the consolidation of a 
discriminative avoidance task. Mice were trained in the plus-maze discriminative 
avoidance task (PM-DAT) and, immediately after training, received either saline (SAL) 
or 32, 64 or 128 mg/kg of modafinil (MOD) as an injection. Results are presented as 
the mean ± S.E. of time spent in the aversive and non-aversive enclosed arms (A), 
percent time spent in the aversive enclosed arm (B), percent time spent in the open 
arms (C) and total number of entries in all arms of the apparatus (D). Two-way or 
one-way ANOVA followed by Duncan’s test. *p<0.05 compared to time spent in the 
non-aversive enclosed arm; p<0.05 compared to SAL group and p<0.05 compared 
to MOD32 group. 
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Experiment 2: Effects of the acute administration of MOD on the learning of a 
discriminative avoidance task in mice 
In the training session, the two-way ANOVA revealed significant effects for arm 
type [F(1.96)=527.46; p<0.001]. The post hoc analysis by Duncan’s test revealed that 
all of the groups spent significantly less time in the aversive arm than in the non-
aversive enclosed arm (Fig. 3A). In this session, the ANOVA revealed that there were 
no significant differences among groups in the percent time spent in the aversive 
enclosed arm [F(3.47)=0.17; p>0.05] (Fig. 3B), demonstrating that MOD did not 
modify learning ability. 
During the training session, the ANOVA did not reveal significant differences in 
the percent time spent in the open arms [F(3.47)=0.21; p>0,05] (Fig. 3C) or in the 
total number of entries [F(3.47)=0.80; p>0.05] (Fig. 3D). 
In the test session, performed 10 days after training, the two-way ANOVA 
revealed only a significant effect in arm type [F(1.96)=228.91; p<0.001] The post hoc 
analysis by Duncan’s test revealed that all of the groups spent significantly less time 
in the aversive enclosed arm compared to the non-aversive one (Fig. 4A. 
Furthermore, the ANOVA followed by Duncan’s test showed that the MOD32 and 
MOD64 groups spent a significantly longer percent time in the aversive enclosed arm 
compared to the two other groups (SAL and MOD128) [F(3.47)=6.91; p<0.05]. (Fig. 
4B). 
The ANOVA did not reveal significant differences among groups in either the 
percent time spent in the open arms [F(3.47)=0.24; p>0.05] (Fig. 4C) or in the total 
number of entries [F(3.47)=3.25; p<0.05] (Fig. 4D). 
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Figure 3 – Effects of the acute administration of modafinil during pre-training on the 
mice’s performance during the training session in the plus-maze discriminative 
avoidance task (PM-DAT). Mice received saline (SAL) or 32, 64 or 128 mg/kg of 
modafinil (MOD) 30 minutes prior to the training session. Results are presented as 
the mean ± S.E. of time spent in the aversive and non-aversive enclosed arms (A), 
percent time spent in the aversive enclosed arm (B), percent time spent in the open 
arms (C) and total number of entries in all arms of the apparatus (D). Two-way or 
one-way ANOVA followed by Duncan’s test. *p<0.05 compared to time spent in the 
non-aversive enclosed arm. 
 
 
TRABALHO CIENTÍFICO A SER SUBMETIDO   
30 
 
 
Figure 4 – Effects of the acute administration of modafinil during pre-training on the 
mice’s performance during the test session in the plus-maze discriminative avoidance 
task (PM-DAT). Mice received saline (SAL) or 32, 64 or 128 mg/kg of modafinil 
(MOD) 30 minutes prior to the training session. Ten days after training, animals were 
tested. Results are presented as the mean ± S.E. of time spent in the aversive and 
non-aversive enclosed arms (A), percent time spent in the aversive enclosed arm (B), 
percent time spent in the open arms (C) and total number of entries in all arms of the 
apparatus (D). Two-way ANOVA followed by Duncan’s test. *p<0.05 compared to 
time spent in the non-aversive enclosed arm; p<0.05 compared to SAL group and 
p<0.05 compared to MOD128 group. 
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Experiment 3: Effects of the acute administration of MOD on the retrieval of a 
discriminative avoidance task in mice 
In the training session, the two-way ANOVA revealed significant effects for arm 
type [F(1.96)=124.90; p<0.001]. The post hoc analysis by Duncan’s test revealed that 
all of the groups spent significantly less time in the aversive arm than in the non-
aversive enclosed arm (Fig. 5A). In this session, the ANOVA revealed that there were 
no significant differences among groups for the percent time spent in the aversive 
enclosed arm [F(3.44)=0.43; p>0.05] (Fig. 5B), showing a similar learning level. 
No differences were found in the percent time spent in the open arms 
[F(3.44)=1.63; p>0.05] (Fig. 5C) or in the total number of entries [F(3.44)=0.80; 
p>0.05] (Fig. 5D) in the training session, revealing that all of the groups displayed 
similar baseline levels of emotionality and locomotion. 
In the test session, performed 10 days after training, the two-way ANOVA 
revealed a significant arm type effect [F(1.96)=234.74; p<0.001] (Fig. 6A). The post 
hoc analysis by Duncan’s test revealed that all of the groups, irrespective of 
treatment, discriminated the enclosed arms, spending significantly more time in the 
non-aversive enclosed arm. However, when the percent time spent in the aversive 
enclosed arm was analyzed, the ANOVA followed by Duncan’s test revealed that the 
animals treated with 32 mg/kg of MOD before testing spent significantly more time in 
the aversive enclosed arm (Fig. 6B) compared to the SAL group [F(3.44)=2.37; 
p<0.05], indicating a retrieval deficit. 
Finally, the ANOVA did not reveal significant differences in the percent time 
spent in the open arms during the testing session [F(3.44)=0.05; p>0.05] (Fig. 6C). In 
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contrast, the ANOVA followed by Duncan’s test showed that the animals treated with 
32 or 64 mg/kg of MOD had an increase in the total number of entries compared to 
the SAL treated group [F(3.44)=3.62; p<0.05] (Fig. 6D). 
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Figure 5 – Training performance of mice submitted to the plus-maze discriminative 
avoidance task (PM-DAT). Mice were trained in the PM-DAT and ten days after 
training, animals received saline (SAL) or 32, 64 or 128 mg/kg of modafinil (MOD). 
Results are presented as the mean ± S.E. of time spent in the aversive and non-
aversive enclosed arms (A), percent time spent in the aversive enclosed arm (B), 
percent time spent in the open arms (C) and total number of entries in all arms of the 
apparatus (D). Two-way or one-way ANOVA followed by Duncan’s test. *p<0.05 
compared to time spent in the non-aversive enclosed arm. 
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Figure 6 – Effects of the acute administration of modafinil on retrieval of a 
discriminative avoidance task in mice. Mice were trained in the plus-maze 
discriminative avoidance task (PM-DAT). Ten days after training, animals received 
saline (SAL) or 32, 64 or 128 mg/kg of modafinil (MOD) and were tested 30 minutes 
after injection. Results are presented as the mean ± S.E. of time spent in the aversive 
and non-aversive enclosed arms (A), percent time spent in the aversive enclosed arm 
(B), percent time spent in the open arms (C) and total number of entries in all arms of 
the apparatus (D). Two-way ANOVA followed by Duncan’s test. *p<0.05 compared to 
time spent in the non-aversive enclosed arm and p<0.05 compared to SAL group. 
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Experiment 4: Role of the state-dependency phenomenon on the cognitive effects of 
MOD using the PM-DAT 
In the training session, the two-way ANOVA revealed only significant effects for 
arm type [F(1.96)=5.750; p<0.05]. The post hoc analysis by Duncan’s test revealed 
that all of the groups spent significantly less time in the aversive arm than in the non-
aversive enclosed arm (Fig. 7A). In this session, the ANOVA revealed that there were 
no significant differences among groups when the percent time spent in the aversive 
enclosed arm was analyzed [F(3.44)=1.10; p>0.05] (Fig. 7B). These results 
demonstrated that 32 mg/kg of MOD did not modify learning ability, corroborating the 
data from Experiment 2 (see Fig. 3A and 3B). 
In addition, the ANOVA did not reveal significant differences among groups in 
the percent time spent in the open arms [F(3.44)=0.22; p>0.05] (Fig. 7C). On the 
other hand, both groups pre-training treated with MOD (MOD-SAL and MOD-MOD 
groups) showed increased locomotion compared to the other groups treated with SAL 
[F(3.44)=6.21; p<0.05] (Fig. 7D). 
In the test session, performed 10 days after training, the two-way ANOVA 
revealed only a significant arm type effect [F(1.96)=133.06; p<0.001]. The post hoc 
analysis by Duncan’s test revealed that all of the animals were able to discriminate 
the aversive enclosed arm, showing retention of the task (Fig. 8A). Nevertheless, the 
ANOVA followed by Duncan’s test showed that the MOD-SAL and MOD-MOD groups 
had a significant increase in the percent time in the aversive enclosed arm compared 
to the other two groups (SAL-SAL and SAL-MOD) [F(3.44)=3.51; p<0.05] (Fig. 8B), 
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showing that memory impairment induced by pre-training MOD was not related to the 
state-dependency phenomenon. 
When the percent time spent in the open arms in the testing session was 
analyzed, the ANOVA did not reveal significant differences among groups 
[F(3.44)=0.91; p>0.05] (Fig. 8C). However, the ANOVA followed by Duncan’s test 
showed an increase in the total number of entries in the groups treated with MOD 
before testing (the SAL-MOD and MOD-MOD groups) compared to the SAL-treated 
groups. Still, the group treated with MOD before training and testing (MOD-MOD) had 
increased motor activity compared to the SAL-MOD group [F(3.44)=8.42; p<0.05] 
(Fig. 8D). 
 
TRABALHO CIENTÍFICO A SER SUBMETIDO   
37 
 
 
Figure 7 – Effects of modafinil on the training performance of treated mice in the 
plus-maze discriminative avoidance task (PM-DAT). Mice were treated with saline 
(SAL) or 32, mg/kg of modafinil (MOD) 30 minutes before the training session. 
Results are presented as the mean ± S.E. of time spent in the aversive and non-
aversive enclosed arms (A), percent time spent in the aversive enclosed arm (B), 
percent time spent in the open arms (C) and total number of entries in all arms of the 
apparatus (D). Two-way or one-way ANOVA followed by Duncan’s test. *p<0.05 
compared to time spent in the non-aversive enclosed arm; p<0.05 compared to SAL-
SAL group and p<0.05 compared to SAL-MOD group. 
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Figure 8 – Effects of modafinil on the test performance of pre-training and/or pre-test 
treated mice in the plus-maze discriminative avoidance task (PM-DAT). Mice were 
treated with saline (SAL) or 32 mg/kg of modafinil (MOD) 30 minutes before the 
training session and tested, 10 days later, 30 minutes following an injection of SAL or 
32 mg/kg MOD. Results are presented as the mean ± S.E. of time spent in the 
aversive and non-aversive enclosed arms (A), percent time spent in the aversive 
enclosed arm (B), percent time spent in the open arms (C) and total number of 
entries in all arms of the apparatus (D). Two-way or one-way ANOVA followed by 
Duncan’s test. *p<0.05 compared to time spent in the non-aversive enclosed arm; 
p<0.05 compared to SAL-SAL group;p<0.05 compared to SAL-MOD group. 
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Experiment 5: Effects of repeated administration of MOD on memory retention of a 
discriminative avoidance task in mice 
In the training session, the two-way ANOVA revealed only significant effects for 
arm type [F(1.96)=304.48; p<0.001]. The post hoc analysis by Duncan’s test revealed 
that all of the groups spent significantly less time in the aversive arm than in the non-
aversive enclosed arm (Fig. 9A). In this session, the ANOVA revealed that there were 
no significant differences among groups for the percent time spent in the aversive 
enclosed arm F(3.44)=0.35; p>0.05] (Fig. 9B), demonstrating a similar learning of the 
task. 
The ANOVA did not reveal significant differences in the percent time spent in 
the open arms [F(3.44)=0.42; p>0.05] (Fig. 9C) or in the total number of entries 
[F(3.44)=0.53; p>0.05] (Fig. 9D). This suggests that all animals had a similar baseline 
behavioral performance. 
In the test session, performed 10 days after training and 30 min after the end of 
the chronic treatment of MOD, the two-way ANOVA revealed a significant effect for 
arm type [F(1.96)=99.76; p<0.001] and a significant treatment x arm type interaction 
[F(3.96)=2.77; p<0.05] effect. The post hoc analysis by Duncan’s test revealed that all 
of the groups were able to discriminate the aversive enclosed arm, irrespective of the 
treatment (Fig. 10A). Also, the ANOVA followed by Duncan’s test showed that the 
MOD32 group spent a significantly longer percent time in the aversive enclosed arm 
compared to the SAL-treated group [F(3.44)=3.61; p<0.05] (Fig. 10B). 
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Finally, the ANOVA did not reveal differences in the percent time spent in the 
open arms [F(3.44)=0.29; p>0.05] (Fig. 10C) or in the total number of entries 
[F(3.44)=0.80; p<0.05] (Fig. 10D). 
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Figure 9 – Training performance of mice submitted to the plus-maze discriminative 
avoidance task (PM-DAT). Mice were trained in the PM-DAT and, immediately after 
training, were treated with saline (SAL) or 32, 64 or 128 mg/kg of modafinil (MOD) for 
10 consecutive days. Results are presented as the mean ± S.E. of time spent in the 
aversive and non-aversive enclosed arms (A), percent time spent in the aversive 
enclosed arm (B), percent time spent in the open arms (C) and total number of 
entries in all arms of the apparatus (D). Two-way or one-way ANOVA followed by 
Duncan’s test. *p<0.05 compared to time spent in the non-aversive enclosed arm. 
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Figure 10 – Effects of chronic administration of modafinil on consolidation of a 
discriminative avoidance task in mice. Mice were trained in the plus-maze 
discriminative avoidance task (PM-DAT) and, immediately after training, were treated 
with saline (SAL) or 32, 64 or 128 mg/kg of modafinil (MOD) for 10 consecutive days 
and tested 30 min after the last injection. Results are presented as the mean ± S.E. of 
time spent in the aversive and non-aversive enclosed arms (A), percent time spent in 
the aversive enclosed arm (B), percent time spent in the open arms (C) and total 
number of entries in all arms of the apparatus (D). Two-way or one-way ANOVA 
followed by Duncan’s test. *p<0.05 compared to time spent in the non-aversive 
enclosed arm and p<0.05 compared to SAL group. 
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DISCUSSION 
 
The main findings of the present study were the following: 1) 64 and 128 mg/kg 
of acutely administered MOD, but not 32 mg/kg, impaired the consolidation of a 
discriminative avoidance task in mice, subsequently reversed after repeated 
administration (10 days); 2) an acute pre-training administration of MOD did not 
induce learning modifications nor anxiety-like behavior alteration, but it did impair 
retention at doses of 32 and 64 mg/kg; 3) when the drug was given prior to the test, 
only the lowest dose (32 mg/kg) was able to impair retrieval—an effect that was 
subject to tolerance by repeated administration; 4) finally, the administration of 32 
mg/kg was not state-dependent. 
Several behavioral changes can influence the processes of acquisition, 
processing, storage and retrieval of various memory systems. In this scenario, the 
PM-DAT is a behavioral model able to evaluate the interactions among these 
mnemonic processes, anxiety and locomotor activity in rodents in an integrative and 
concomitant manner. In this paradigm, learning can be assessed by the magnitude of 
the avoidance of the enclosed arm during the training session (Patti et al., 2010). The 
storage of the task (and, consequently, the processes of consolidation and recall) is 
detected during a test session by a subsequent direct comparison between the time 
spent in the enclosed arm previously aversive in the training session and in the 
enclosed arm that had not previously been aversive. In this way, memory is detected 
by the percent time spent in the aversive enclosed arm. In this context, the avoidance 
of the aversive enclosed arm upon testing has been validated as a measurement of 
retention because amnestic manipulations decrease this effect (Claro et al., 1999; 
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Silva et al., 1999, 2002a, 2004; Silva & Frussa-Filho, 2000, 2002; Kameda et al., 
2007; Alvarenga et al., 2008; Patti et al., 2010). In contrast, memory-improving 
treatments increase this effect (Silva et al., 1997, 1999, 2000; Claro et al., 1999). 
Furthermore, this behavioral model allows a simultaneous and independent 
assessment of anxiety levels (through the avoidance of the open arms of the 
apparatus) and locomotor activity (through the number of entries in all arms of the 
apparatus). Therefore, the effectiveness of the model at detecting the effects of 
anxiolytics agents (Silva & Frussa-Filho, 2000; Calzavara et al., 2004) and anxiogenic 
agents (Silva & Frussa-Filho, 2000; Silva et al., 2002a; Silva et al., 2004b) has been 
repeatedly demonstrated. At the same time, manipulations known to increase or 
decrease the locomotor activity were able to increase (Silva et al., 2002a, Castro et 
al., 2005; Kameda et al., 2007) or decrease (Silva et al., 2002b, 2004; Carvalho et al., 
2006) the total number of entries into the arms of the apparatus, respectively. 
The results obtained in Experiment 1 show that the post-training acute 
administration of 64 and 128 mg/kg of MOD promoted amnesia because the animals 
treated at these doses spent an increased percent of their time in the aversive 
enclosed arm during the test session. Of note, when MOD was given repeatedly and 
subsequently (10 consecutive days; Experiment 5), the amnestic effect is no longer 
observed. Although largely speculation, it may be possible that repeated treatment 
with these high doses of the drug can enhance memory retrieval, thereby reversing 
the post-training consolidation deficit. 
To the best of our knowledge, only the study of Shuman and colleagues (2009) 
systematically investigated the effects of MOD on memory consolidation. These 
authors have reported that MOD was ineffective at modifying the consolidation of 
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context- or cued-conditioned fear tasks in mice. The discrepant findings could be due 
to the memory tasks employed in both studies.  
These impairing effects on consolidation produced by post-training doses of 64 
and 128 mg/kg of MOD were accompanied by hyperlocomotion. Because the drug 
was no longer present during the test session (assessed 10 days after the drug’s 
administration), impairment in habituation could be an explanation. In this context, 
habituation is defined as a decrement in the behavioral response after a repeated 
exposure to a certain stimulus (Levitan & Kaczmarek, 1991; Conceição et al., 1994). 
In this way, the post-training administration of the drug impaired not only the 
consolidation of the discriminative avoidance task but also the consolidation of the 
memory of the apparatus as a whole, promoting a non-associative memory deficit. 
Regarding learning (Experiment 2), mounting evidence suggests that MOD is 
able to facilitate learning depending on the complexity of the task. Accordingly, 
Bercacochea and colleagues (2001) found that the administration of 64 mg/kg of 
MOD (but not 8 or 32 mg/kg) improved the performance of mice in a T-maze. The 
greater the interval between training and testing, which makes the tasks more 
complex, the better the performance in animals treated with MOD, suggesting an 
interaction between task complexity and the possible cognitive effects of MOD 
(Beracochea et al., 2002, 2003). Additionally, the pre-training administration of 
75mg/kg of MOD improved performance of rats in the Morris water maze (Shuman et 
al., 2009). No learning ability modifications were induced by any of the doses of 
modafinil employed in the present study. Accordingly, a possible facilitative effect of 
MOD on learning cannot be discarded because the absence of such an effect could 
have resulted from a low percent time spent in the aversive enclosed arm at baseline 
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(SAL-treated group), preventing a progressive enhancement of avoidance of that arm 
during the training session in MOD-treated mice. 
The pre-training administration of 32 and 64 mg/kg (but not 128 mg/kg) of 
MOD impaired memory retention. Although these groups were able to discriminate 
both enclosed arms (spending more time in the non-aversive enclosed arm, showing 
retention of the task), they also spent an increased percent time in the aversive 
enclosed arm, suggesting the presence amnestic effects of MOD. Conversely, the 
dose of 128 mg/kg of MOD did not affect the pattern of exploration of the aversive 
enclosed arm. These findings suggest that MOD promoted memory deficits in an 
inverted-U shape fashion. 
As for motor activity, a pre-training administration of MOD did not promote 
changes in the mice’s locomotion. However, under our laboratory conditions, the 
acute administration of MOD was able to promote an increase in the spontaneous 
activity of mice exposed to an open-field in a dose-dependent manner. Thus, the 
acute administration of doses ranging from about 64 to 128 mg/kg was capable of 
promoting hyperlocomotor effects. Still, this stimulant effect was more pronounced 
after the administration of 128 mg/kg of the drug (Wuo-Silva et al., 2011). A 
speculative explanation for these behavioral differences could be the interaction 
between the drug and the experimental environment. In other words, the presence of 
the aversive stimuli could represent an unfavorable environment for exploration as 
opposed to the open-field, a neutral environment. Thus, this environmental 
component could promote an inhibition of exploration, abolishing the hyperlocomotor 
effect of the drug. Within context, it should be noted that MOD did not change 
animals’ anxiety levels per se at any of the doses tested. 
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In the analysis of a possible effect of MOD on retrieval (Experiment 3), even 
though all of the groups were able to discriminate between the enclosed arms of the 
apparatus, the group treated with 32 mg/kg of MOD during the pre-test spent a longer 
percent time in the aversive enclosed arm, indicating an impaired retrieval of the task. 
Conversely, it was shown that under stressful situations (e.g., sleep deprivation), 
MOD can restore the performance and activity of sleep-deprived mice, demonstrating 
a retrograde effect of MOD on retrieval (Marinelli and Piazza, 2002). This discrepancy 
may be due to the low stress involved in the aversive stimuli (no pain) presented in 
the PM-DAT compared to that in the passive avoidance task, for example. 
Importantly, the inhibitory effect of 32 mg/kg of MOD administration in the pre-test on 
the retrieval of the PM-DAT task was not subject to tolerance after a previously 
repeated treatment (Experiment 5). These data suggest that chronic treatment with 
low doses of modafinil can produce important retrieval impairment. 
A pre-test administration of MOD at the doses 32 or 64 mg/kg induced 
hyperlocomotion. The enhancement in locomotion could be due to the stimulatory 
effects of the drug. Previous exposure to the apparatus could have facilitated the 
appearance of such an effect because emotional valence of the environment during 
the second exposure seemed to be less aversive, since there was no longer noise 
and light stimulation. In line with our hypothesis, MOD did not induce hyperlocomotion 
when given prior to training (Experiment 2) when the aversive stimuli were presented. 
It could be argued that the impairing effects of MOD on retention and retrieval 
are state-dependent. Memory can be state-dependent, in that a response that has 
been acquired in a given (i.e., drug-induced) state may not be retrieved when the 
organism is in a different state (Colpaert et al., 2001). A pre-test administration of 32 
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mg/kg of MOD was not able to counteract the pre-training-induced amnestic effects of 
this drug and vice versa, discounting, at least for this range of doses, the involvement 
of the state-dependency phenomenon on MOD-induced memory impairment. 
Interestingly, mice in the MOD-MOD group had increased general activity 
during the test session. In fact, animals that were treated with MOD before both 
sessions had more increased locomotion in the test session compared to animals that 
received MOD only before testing. This result agrees with reports that the repeated 
treatment with stimulant doses of this drug induces an increase in its locomotor 
stimulatory effect in mice, a well-known phenomenon called behavioral sensitization 
that was proposed to share neurochemical mechanism with drug dependence (Wuo-
Silva et al., 2011). Specifically, Wuo-Silva and colleagues (2011) have reported that 
MOD produced a robust locomotor sensitization, conditioned place preference, and a 
cross-sensitization with cocaine. Within this context, although behavioral sensitization 
is usually observed after repeated treatment with drugs of abuse, it has been shown 
that it is not necessary to repeatedly administer a drug for long periods of time to 
produce such a phenomenon. Indeed, a single injection of amphetamine 
(Vanderschuren et al., 1999; Costa et al., 2001; Frussa-Filho et al., 2004; Chinen et 
al., 2006) or ethanol (Fukushiro et al., 2010) has been reported to enhance locomotor 
stimulation produced by a subsequent injection of the drug given hours or weeks 
later. 
Collectively, our data suggest that MOD has potential amnestic effects 
depending on the dose and the timing of administration. Although we did not observe 
effects on emotion, modafinil seems to also have an addictive potential. These results 
point to the need of caution in prescribing this drug. 
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4. CONCLUSÕES 
 
4.1. Conclusões Específicas 
 
 A administração aguda de 64 ou 128 mg/Kg (mas não de 32 mg/Kg) de 
modafinil pós-treino promove déficits na consolidação da memória de uma tarefa de 
esquiva discriminativa e de habituação, uma memória não-associativa. Ainda, 
quando tal administração é realizada de maneira prolongada (10 dias consecutivos), 
há uma reversão dos efeitos amnésticos induzidos por essas maiores doses de 
modafinil na tarefa de esquiva discriminativa. 
 
 A administração aguda de modafinil não promove modificações na 
aquisição da tarefa discriminativa ou nos níveis de ansiedade de camundongos. 
Contudo, tal administração pré-treino promove déficits de retenção quando realizada 
nas doses de 32 ou 64 mg/Kg. 
 
 A administração aguda de 32 mg/Kg modafinil previamente à sessão de 
teste promove déficits de evocação da tarefa discriminativa e efeito estimulante nas 
doses de 32 ou 64 mg/Kg. 
 
 Os déficits de retenção induzidos pela administração pré-treino ou pré-
teste de 32 mg/Kg de modafinil não estão relacionados ao fenômeno de dependência 
de estado. Entretanto a administração repetida da droga (antes das sessões de 
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treino e de teste) parece induzir sensibilização do efeito hiperlocomotor agudo da 
droga, um fenômeno comum a todas as drogas de abuso. 
 
4.2. Conclusão Geral 
 
Tomados em conjunto, os presentes achados fornecem evidências pré-
clínicas do potencial amnéstico e de abuso do modafinil. 
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